The importance of the microbiota in host-parasite interactions has taken a deeper interest 30 recently. Microbiota has to be considered as a third partner playing a central role in these 31 interactions. Biomphalaria glabrata is the vector snail of the trematode Schistosoma 32 mansoni, the agent of human schistosomiasis causing hundreds of thousands of deaths 33 every year. How snail microbiota is affected in such host-parasite interaction following 34 infection remains unstudied. Here, we analyse for the first time how the snail bacterial 35 microbiota is affected or modified by schistosoma infections. We used a massive 16s DNA 36 sequencing approach (MiSeq) to characterize the Biomphalaria bacterial microbiota at the 37 individual level in naïve and infected snails. Sympatric and allopatric strains of parasites were 38 used following infections and re-infections to analyse the modification or dysbiosis of snail 39 microbiota populations in different host-parasite co-evolutionary contexts. Concomitantly, 40
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using RNAseq data, we investigate the link between bacterial microbiota dysbiosis and snail which resistances have been observed (Fallon and Doenhoff 1994) . Molluscicides have been 68 also used to impaired Schistosoma transmission in the field. However, the dramatic effects 69 of molluscicides on natural environments are prompting us to seek new ways to prevent and 70 / or control the disease in the field (Tennessen, Théron et al. 2015) . To meet this goal, we 71 considered that a better understanding of the interaction between Biomphalaria glabrata 72 snails and Schistosoma mansoni and the abiotic or biotic factors affecting such interaction 73 might constitute an interesting approach to find alternative control strategies. 74
In this context, we have conducted numerous studies on immunological interactions 75 between the snail and the parasite (Mitta, Galinier et In a more recent study, the Biomphalaria glabrata bacterial microbiota has been 133 characterized using 16S rRNA sequencing (Silva, Melo et al. 2013 
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Biological Materials 167
In this study, we used a single strain for the host snail, the albino Brazilian strain of 168 Biomphalaria glabrata (BgBRE) and two strains for the trematode parasite Schistosoma 169 mansoni: a Brazilian strain (SmBRE, for sympatric infection) and a Venezuelan strain (SmVEN, 170 for allopatric infection). The Brazilian strains of snail and parasite originate from the locality 171 of Recife; the Venezuelan parasite strain was recovered from the locality of Guacara. All host 172 and parasite strains were maintained in the laboratory on their sympatric snail hosts. The 173 snails were reared in constant temperature at 26°C and fed only with washed salad every 3 174 days. During experiments, snails were not fed 24 hours before the DNA extraction for 175 metabarcoding analysis. 176
Experimental Infections (fig. 1) 178
In order to decipher the inter-individual structure of snail microbiota as well as investigate 179 the influence of different snail immune stimulations on its microbiota structure and 180 dynamics we conducted a complex experimental infection protocol (fig. 1) Briefly, snails were primo-infected with two parasite strains and either they are individually 183 recovered at 1, 4 and 25 days after infection or challenged with these two same parasite 184 strains and individually recovered at 1, 4 days after challenge. For all experimental 185 infections, the snails were individually exposed for 12h to 10 miracidia in 5mL of pond water, 186 after that they are put in the water aquarium back and separately according to the parasite 187 strain infection. 188
-Microbiota analysis 189
We performed a primo-infection of 63 BgBRE snails with either SmBRE (sympatric, 49 snails) 190
or SmVEN (allopatric, 14 snails) strains. Then, 25 days after the primo-infection, we re-191 infected a subset (28 snails) of SmBRE-infected snails with either SmBRE (14 snails) or 192
SmVEN (14 snails). 193
To examine the effect of primo-infection on the snail microbiota, we took 7 whole-snails for 194 each infection samples on days 1 (groups BB1 and BV1; the second letter refers to the Sm 195 strain origin used for prim-infection), 4 (BB4 and BV4), and 25 (BB25, no SmVEN-infected 196 snails were sampled on day 25) after the infection. Similarly, we sampled 7 whole-snails on 197 days 1 (BBB1 and BBV1; the third letter refers to the Sm strain origin used for challenge) and 198 4 (BBB4 and BBV4) after the challenge. In addition, we used 6 naive snails collected at the 199 beginning of the experiment (B0) and 6 naive snails collected at the time of challenge (i.e. 200 day 25, B25) as controls. These samples were used to establish if the bacterial communities 201 of naive BgBRE snails were stable in breeding and rearing laboratory conditions. 202
-Host antimicrobial immune response 203
We performed a primo-infection of 180 BgBRE snails with either SmBRE (sympatric, 140 204 snails) or SmVEN (allopatric, 40 snails). Then, 25 days after infection, we re-infected a subset 205 
219
Following the infection some of miracidia were encapsulated by the hemocytes or developed into primary 220 sporocysts (first intra-molluscan stage). Intra-molluscan parasite stages include two generations of sporocysts
221
(primary sporocyst (SPI) and secondary spororcyst (SpII)) and the production of cercariae. Twenty-five days 222 after primo infection, the snails primo infected with SmBRE were challenged with either 10 SmBRE (BBB) or 10 humoral immune response (Pinaud et al. 2016 ). The bacterial community in naive snails (see fig. 2 ) and its 225 dynamic following infection (see fig. 3 ,4,5) were analysed by metabarcoding 16S sequencing. The antimicrobial 226 immune response was analysed concomitantly (see fig. 6 ).
228

DNA Extraction 229
Immediately after sampling, shell snails were cleaned with alcohol and the hemolymph was Québec, Canada) using the v2 chemistry according to the manufacturer's protocol. 240
241
RNA Extraction 242
Immediately after sampling, snail shells were cleaned with alcohol and removed, then snails 243 are pooled by infection conditions. Total RNA was extracted using TRIZOL (Sigma Life 244 Science, USA) according to the manufacturer's instructions. Sequencing was performed in 245 paired-end 72-bp read lengths, using an Illumina Genome Analyzer II (MGX-Montpellier 246 GenomiX, Montpellier, France). 247
248
Microbiota Analysis 249 -Data analysis of 16S sequences 250
The FROGS pipeline (Find Rapidly OTU with Galaxy Solution) implemented on a galaxy 251 instance (http://sigenae-workbench.toulouse.inra.fr/galaxy/) was used for data processing 252 de novo clustering was done using SWARM, which uses a local clustering threshold, with 255 aggregation distance d=3 after denoising. Chimeras were removed using VSEARCH (Rognes, 256 between groups of samples. For all analyses, the threshold significance level was set at 0.05. 268
-Analysis of core-microbiota 269
We defined the core-microbiota as the set of bacterial groups that were present in all naive 270 snails. To determine which families belong to core-microbiota, we made a pivot table from 271 the OTUs and the taxa ones, and we conserved only which were present in 100% of the 272 naive individuals excluding unknown or multi-affiliation affiliations at lower taxonomic ranks 273 (supplementary table 1). Once the OTUs selected we recovered the abundance of each of 274 these families to establish the composition of the core-microbiota. 275
To check if the core-microbiota is affected by infection, we compared the abundance of core 276 families between infected snails and naive conditions with a one-way PERMANOVA with a 277
Benjamini & Hochberg post-hoc. Conditions with significant differences (p<0.05) were noted. 278
Moreover, a frequency test was realised to determine which specific families were affected 279 during infection. 
Results: 303
Biomphalaria microbiota characterization 304
To examine the stability of naive snail microbiota, we first inspected the microbiota diversity 305 and composition in the control snails. We found no significant differences between the B0 306 and B25 snails in any of the alpha diversity indices (supplementary table 3). 307
At the phylum level, individual naive snails at B0 and B25 time points show little inter-308 individual variability and a stable composition over time ( fig. 2B) , with Proteobacteria, 309
Bacteroidetes, Cyanobacteria and Planctomycetes phyla were the most represented. 310 Therefore, the bacterial microbiota of BgBRE seems to have a considerable temporal and 311 inter-individual stability in our laboratory rearing conditions ( fig. 2A) . 312
In terms of composition, we observed that 67 (69%) and 86 (89%) of the 97 OTUs 313 families were shared by B0 and B25 naive snails respectively ( fig. 2B) . We determined the 314 core microbiota as the families the most abundant and present in 100% of naive snails. We 315 highlighted 62 on 97 OTUs families present in all naive individuals, which represent the B. 316 glabrata core-microbiota (table 1) , and correspond to 92.5% and 69.6% of OTUs families in 317 B0 and B25 respectively. 
328
Microbiota dynamics during Biomphalaria infection by S. mansoni 329
After establishing the stability of naive Biomphalaria bacterial microbiota, we next 330 investigated whether Schistosoma mansoni infections affected the microbiota composition, 331 structure and dynamic. 332
To investigate the influence of parasite infections on the bacterial microbiota communities, 333
we then analysed microbiota dynamic during sympatric and allopatric primo-infections and 334 challenge ( fig. 1) . 335
336
We did not observe significant changes in alpha diversity during the course of primo-337 infection compared to naive snails, except a decrease of Shannon diversity four days after 338 sympatric infection ( figure 3, supplementary table 3 
410
Finally, we then focused on the core microbiota dynamics during infections. In contrary to 411 the entire microbiota, the core-microbiota composed of 62 families was affected by the type 412 of infection (naive vs primo-infection (p=0.003) and naive vs challenge (p=0.003)), by the 413 time of infection (early vs late) (p=0.006) and also by the strain of parasite used for infection 414 (SmBRE vs SmVEN) (p=0.016) (supplementary table 6). 415
We observed that the 69.4% (43 families) of the core microbiota was significantly affected 416 by infections, among them 6.5% (4 families) were affected in all conditions ( fig. 5A , 417 supplementary table 7). Further 34.9% (15 families) of the core-microbiota responded solely 418 to the primo-infection and 4.7% (2 families) to the challenge ( fig. 5B, supplementary table 7) . 419
In the same way 20.9% (9 families) of the core-microbiota was affected early after infection 420
(1 day) and 7% later (3 families) (4 days). Finally, 23.3% (10 families) are affected by the 421 SmBRE infection and 9.3% (4 families) by the SmVEN infection ( fig. 5A, supplementary table  422 
7). 423
Among the most abundant core-microbiota families, two are significantly affected in all 424 infection conditions, the Xanthomonadeceae and Rhodopirillales Incertae Sedis 425 (supplementary table 7 ). The OTUs number of these families has a tendency to decrease 426 following infections. 427 
437
Link between microbiota dynamics and antimicrobial immune response of Biomphalaria 438
We followed the gene expression of the antimicrobial protein type, the LBP/PBI 439 (Lipopolysaccharide-binding protein / Bactericidal Permeability-Increasing protein), and two 440 antimicrobial peptide families, the biomphamacins and achacins, after primo-infection with 441 the two strains as well as immune challenge with the sympatric strain ( fig. 6 ). The LBP/BPI 442 the 3.1 and 3.2 were over-expressed until 25 days after infection, while all other were 443 under-expressed in all conditions ( fig. 6A) . Concerning the biomphamacins, the 444 biomphamacin 1, 4, 5 and 6 were over-expressed throughout infections, while 445 biomphamacin 3 was under-expressed ( fig. 6B) . Finally, the achacin was under-expressed in 446 sympatric primo-infection and following challenges and not differentially expressed in 447 allopatric primo-infection ( fig. 6B) . The LBP/BPI and achacin expression levels seemed not to be correlated directly with the 471 microbiota community modifications; for all time points of all infection kinetics all 472 transcripts were under-expressed even when the microbiota community was modified. The 473 biomphamacins, except the 6, were over-expressed after infection, from day 1 in BB 474 infection and day 4 in BV infection and in challenge (BBB and BBV infections). These results 475 suggest that the 3 Biomphalaria antimicrobial protein families were not involved in the same 476 immune response; and only the biomphamacin family can potentially directly affect the 477 bacterial communities. 478 479
Discussion: 481
Microbiota communities would be expected to be associated mainly with tegument, gut and 482 even, in some specific cases, with hemolymphatic compartment. In Biomphalaria glabrata, 483 no installed hemolymphatic microbiota community was identified (personal observation). 484
Thus, for the first characterisation of non-cultivable bacterial microbiota in this species, we 485 studied the whole snail without a priori using a 16S rDNA metabarcoding approach. 486
The first step of this analysis was to characterize the microbiota community structure 487
in Biomphalaria glabrata healthy snails. The bacterial microbiota of BgBRE has a temporal 488 and inter-individual stability (figure 2). We were thus able to identify numerous taxa 489 constituting a core microbiota shared by all individuals (table 1) . 490
491
An intimate interaction between the microbiota, the host immunity and pathogens has been 492 revealed in many vertebrate and invertebrate models. Following an infection by a pathogen, 493 the host displays a specific or adapted immune response against the intruder. This activation 494 of the immune response may affect the microbiota community structure. Two hypotheses 495 have been proposed to explain this intricate dialogue between the host and its microbiota 496 though the immune system. First, it has been proposed that the host immune system 497 ensures constant pressure on the microbiota and thus constrains its composition 498 permanently (Hooper, Littman et al. 2012 ). The microbiota may also have in some organisms 499 an immune-shaping capacity, the resident bacterial microbiota profoundly shape the host 500 immunity conversely the host immune system play a role to maintaining the homeostasis 501 with resident microbial communities (Hooper, Littman et al. 2012 ). Second, the antigenic 502 discontinuity theory proposes that the immune system reacts to a strong variation of 503 antigens detected, for example following an infection, but would be tolerant for weak and 504 continuous immune stimulations experienced during a lifespan (Pradeu and Eric 2014) . In 505 this case, no immune response of the host toward a installed and stable microbiota would 506 be expected. 507
Most of these theories were proposed based on work on vertebrate models and especially 508 mammals. Herein we investigated the interaction between the host, the microbiota and the 509 immune system in an invertebrate model. We chose the model involving the gastropod snail 510
Biomphalaria glabrata and its trematode parasite Schistosoma mansoni. S. mansoni parasite 511 was used herein as a biotic stress for the host that could result in different issues. Dependingon the past evolutionary history between snail and schistosome, different immune 513 responses against S. mansoni were observed. We showed recently that in a sympatric 514 interaction, the parasite was adapted to its host and induced a strong immunosuppression, 515 whereas in an allopatric interaction the host immune response is activated (Portet, Pinaud et 516 al. 2018 ) . Moreover, in innate immune memory, a cellular immune response was observed 517 following primo-infection, and a humoral immune response was observed following 518 secondary challenge (Pinaud, Portela et al. 2016) . 519
Thus using S. mansoni infections, we were able in the present study to induce different 520 immune stresses (i.e. immunosuppression with sympatric parasite strain, immune cellular 521 response with allopatric parasite strain, humoral response following challenge with a similar 522 or different parasite strain) and analyse the impacts of these stresses, experienced by the 523 host, on microbial community modifications or dynamics. We showed that the alpha 524 diversity does not change following primo-infection whatever was the parasite strains used 525 or the time point of infection ( figure 3, supplementary table 3) . A difference on the alpha 526 diversity is observed exclusively following challenge infection, highlighted by a diversity and 527 richness decrease ( figure 3, supplementary table 3 ). However, primo-infection and challenge 528 affected the bacterial OTUs composition whereas the allopatric and sympatric parasite 529 strains did not appear to affect differently their relative proportions (figure 4, 530 supplementary table 5). Interestingly, all these OTUs affected rapidly following infection, 531 returned to proportion values similar to naïve snails at 25 days after infection, this 532 suggesting a resilience of the bacterial community following a first stress of infection (figure 533 4). However the microbiota seems to be affected in a similar way whichever the type of 534 infection. This was totally unexpected, as the immune response following each of these 535 experimental infections was totally different, but microbiota dysbiosis remained similar. 536
Then we paid a particular attention to the core-microbiota. Given the various ways to 537 define core microbiota, we considered exclusively the permanent members of the bacterial 538 community in Biomphalaria glabrata (Astudillo-García, Bell James et al. 2017). Part of the 539 bacterial family composition is disrupted by the primo-infection and also by the challenge 540 ( figure 5, supplementary table 6 ). We observed difference in this disruption depending on 541 the early or late time of infection. Moreover, unlike whole microbiota, the core-microbiota 542 composition is also affected by the strain of the parasite used for infections (figure 5, 543 supplementary table 7). A stronger disruption of the OTU families was observed followingSmBRE infection in early time ( figure 5, supplementary table 7 ). In this point the snail 545 immune response against the parasite is strongly immunosuppressed. This 546 immunosuppression seems thus to affect greatly the core microbiota. One can proposed 547 that the immune system was no longer able to maintained the core microbiota homeostasis 548 that results in changes in microbiota composition and structure. 549
Given that infections affect the microbiota structure, we explored the antimicrobial 550 immune response following infection to find potential explanations of the observed 551 microbiota dysbiosis (figure 6). We analysed more specifically antimicrobial peptides and 552 proteins and we demonstrated that only the biomphamacin family could potentially affect 553 directly the microbiota communities. 554
It has been yet shown in some models that the immune system is a key determinant of host-555 associated bacterial communities, and more precisely that species-specific antimicrobial 556 peptides can shape species-specific bacterial associations in Hydra (Franzenburg, 
